Optimal damping for a two-dimensional structure by Wang, B. P. & Pilkey, W. D.
OPTIMAL DAMPING FOR A 
TWO-DIMENSIONAL STRUCTURE 
W. D. Pilkey and B. P. Wang 
University of Virginia 
Charlottesville, Virginia 
249 
https://ntrs.nasa.gov/search.jsp?R=19830014006 2020-03-21T03:43:49+00:00Z
SYNTHESIS OF THE DAMPING MATRIX 
FOR SPECIFIED DAMPING RATIOS 
[Ml& + [k](x) =tPl 1x1 is n x 1 
CONTROL FORCES 
CF? = EBllul {u) is A x 1 
A= number of actuators 
Iul = -IDI &, IDJ iS A x n 
or 
IF) = -[clW 
where 
CC] = [BIbI 
250 
PROBLEM 
Pind 
% 
such that 
J -c ICijl 
Lj 
is minimized subject to the constraints 
c, > c IP 
for L - 1 to L 
and 
C ii>o , c..=c.. 
13 31 
% 
= prescribed damping ratios for the Lth mode 
Eigenvalue Problem: 
(s2(M] + 8 [Cl + EKllCP? = (01 
with roots 
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. : CHA RA C 7ERIS TIC EQ. IS : 
CWARACTERIS T/C EQUATION: 
OR 
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DEFINITION: 
OP TIMAL OAMPER L OCA TfONS 
FOR A PARTICULAR MODE 
ARE WHf’f EUUEi? 
MAXIMUM DAMPING CAN 
BE INTROOUCED 
OR 
ACHE VE GIVEN DAMPING 
WITH MIEIIMUM DAMPING 
CONSTANTS 
TYPICAL ROOT LOCUS PLOT 
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#.e CONSTANT 
\ t 
Im 6) 
TYPICAL ROOT LOCUS 
FOR /N?iQOWChVG MORE 
DAMPERS WAN NO. OF 
R/6/D BODY MODES 
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MAXIMUM fJ?EQUENCY 
SEHRATION CRITERION 
(MFSC) 
THE OPTIMAL DAMPER 
LOCIAVON IS WHERE 
THE SEpAlQATfON BETWEff 
T#‘E COAWUAINEO 
fREQUEEJCY AND THE 
NATURAL FREQUENCY 
/S MAXIMUM 
SOL VE FOR w,,~ (OR & ) 
f’.WM Qls,) r o 
THE DESIRED DAMPING CONSTANT 
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SYNTHESIS OF MULTIPLE 
DAMPERS 
CASE 2 
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RANK OF SOME TWO DAMPER LOCATIONS 
ACCOUOING 70 MCFC 
DAMPING CONSTANTS MQlJlRED 70 
ACHEVE c4 t 0.6 
OAMPrR LOCA’TION~ REQUIRED 
No. 1 NO.2 C, c2 ce!k 
I 88 0.296 0.136 
/ SO 1.024 9% 
:‘r 44 58 ; 0: 11:; 498 ;.:“605 i44r 1.064 
MAXIMUM OAMPINS ACHIEVE0 IN f#?ST 
(WlTH SAME D&lPtNG CONSTANT AT Au 
IOCATIONS) 
I, so, 88 0.95 0.34 0.05 0.48 
I> 44,76 0.60 0.31 0.46 0.34 
CONCL USIONS 
l CRITERIA FOR SELECTION OF 
OPTlhiHL DAMPER LOCATIONS 
PRESENTED 
. RAMPING SYNTHESIS PROBLEM 
FORMULATED AN0 APPLIED 
TO NASA GRIL LAGE MOOEL 
OAMPING SYNTUESIS 
EXAMPLE t 
DESIRE0 G = 0.6 
& = OS 
DAMPER LOCATIONS : 
0.O.E I, 44,78 
uEsucTs : 
LOCATION GAIN 
I 0.272 
44 0.514 
78 0.269 
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&vW=ING SWTUESIS EXAMPLE2 
RESULTS : 
LOCATION 5 c; ci 
I 0.21 
/I 0.25 E% 
39 0.20 d. /3I 
:: 0.20 0.247 . I31 
88 0s:: . 0.245 
ACIMVED DAMPING 
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